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Longitudinally coupled resonator type surface accoustic wave filter 



(57) In a longitudinally coupled resonator type sur- 
face acoustic wave filter (1 ) Including respective narrow 
pitch electrode finger portions (N1-N4) provided at the 
end portions of neighboring IDTs (each of which con- 
tains a narrow pitch electrode finger portion In which the 
electrode fingers have a narrower pitch than the remain- 



ing electrode fingers), the Inter-center distance (X1-X6) 
between the centers of at least one pair of adjacent elec- 
trode fingers is deviated from 0.25AA + 0.25XB, in which 
AA represents the wavelength detemnined by the pitch 
of one of the electrode fingers, and XB represents the 
wavelength detemfiined by the pitch of the other elec- 
trode finger. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a surface acoustic wave filter for use as a band-pass filter or other filter in 
an RF stage of a portable telephone or electronic apparatus, and more particularly, to a longitudinally coupled resonator 
type surface acoustic wave device having a plurality of interdigital transducers (IDTs) arranged in the propagation 
10 direction of a surface acoustic wave. 

2. Description of the Related Art 

[00021 As band-pass filters used In the RF stage of portable telephones, surface acoustic wave filters have been 

15 widely used. The band-pass filters are required to have a low loss, a high attenuation, and a wide passband. Accordingly, 
various attempts to satisfy such requirements have been made in the surface acoustic wave filters. 
[0003] For example, Japanese Unexamined Patent Application Publication No. 5-267990 discloses a method of 
increasing the band-width of a longitudinally coupled resonator type surface acoustic wave filter Fig. 31 shows a 
longitudinally coupled resonator type surface acoustic wave filter 1 01 disclosed in the Japanese Unexamined Patent 

20 Application Publication No. 5-267990. A distance Z (hereinafter, referred to as an IDT-IDT interval) between the centers 
of adjacent electrode fingers in neighboring IDTs shown in Fig. 31 is set at about 0.25 times the wavelength XI which 
is determined by the pitch of the electrode fingers. Figs. 27 and 28 are graphs for illustration of increasing a band-width 
in this conventional technique. Fig. 27 shows a relation between generated resonance mode frequencies. Fig. 28 
schematically shows the effective current distributions at the respective resonance mode frequencies. These figures 

25 also show portions magnified at the scale indicated on the right of the ordinate axis. 

[0004] In the method of the above-described conventional technique, a resonance mode (resonance mode indicated 
by the an-ow C) having peaks in the intensity distribution of a surface acoustic wave and presented in the IDT-IDT 
interval areas, is utilized, in addition to the zero-order mode (resonance mode indicated by the an-ow B). and the 
secondary mode (resonance mode indicated by the an-ow A) to fomn a pass band. Accordingly, ordinarily, the IDT-IDT 

30 inten/al is set at 0.50 Xl to prevent undesired radiation of a bulk wave. As seen in the above-description of the conven- 
tional technique, the band can be widened by setting the interval at 0.25X1. 

[0005] Figs. 29 and 30 illustrate changes in the resonance mode frequencies indicated by the arrows A to C, obtained 
when the IDT-IDT interval is varied. The results shown in Figs. 29 and 30 are obtained and ascertained when the 
impedance matching conditions are intentionally deviated. It should be pointed out that the results shown in Figs. 29 
35 and 30 show relative changes in the resonance mode frequencies, not Indicating the absolute positions of the accurate 
resonance mode frequencies. These figures also show portions magnified at the scale indicated on the right of the 
ordinate axis. 

[0006] Fig. 29 shows the shifts of the respective resonance mode frequencies on a basis of the zero-order mode 

frequency, caused when the IDT-IDT interval is varied, that is, changes in frequency difference between the respective 
40 resonance mode frequencies, on a basis of the resonance frequency in the zero-order mode. Fig. 30 shows changes 

in amplitude level between the respective resonance mode frequencies. As seen in Figs. 29 and 30, all of the resonance 

mode frequencies and the amplitude levels are changed when the IDT-IDT interval is varied. 

[0007] In the above-described conventional technique, the IDT-IDT Inten^al is adjusted so as to increase the pass 

bandwidth. This will be described with reference to Fig. 32. 
45 [0008] Fig. 32 is a schematic plan view Illustrating another example of conventional longitudinally coupled resonator 

type surface acoustic wave filter. 

[0009] In this case, a surface acoustic wave filter 200 is produced by fanning the respective electrodes, made of Al, 
on 3 4045** Y-cut X propagation LiTaOg substrate (not shown). The longitudinally coupled resonator type surface acous- 
tic wave filter 200 has the configuration in which longitudinally coupled resonator type surface acoustic wave filter 
50 portions 201 and 202 are two-stage dependently connected. The surface acoustic wave filter portions 201 and 202 
are configured in the same manner, and contain first, second, and third IDTs 205 to 207, and reflectors 208 and 209 
provided at respective sides of the first, second, and third IDTs 205 to 207. The surface acoustic wave filter portions 
201 and 202 are designed in compliance with the following specifications. 

55 electrode finger crossing-width: 43.41 XI (XI is the wavelength of a surface acoustic wave detemnined by the elec- 

trode finger pitch of an IDT) 

the number of the electrode fingers of the IDT (the numbers are 25. 31 , and 25 for the IDTs 205, 206, and 207, 
respectively) 
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the wavelength XI of an IDT: 4.17^inn 
wavelength XR for a reflector: 4.28 |im 
the nunnber of electrode fingers of a reflector: 1 00 
the intervals D and E between the neighboring IDTs: 0.32 X\ 
5 the intervals between the IDPs and the reflectors: 0.50 A,R 

duty ratio in an IDT: 0.73 
duty ratio in a reflector: 0.55 
electrode film-thickness: 0.08 X\ 

10 [001 0] It should be noted that in this patent specification, all of the IDT-IDT intervals, the IDT - reflector intervals, and 
the inten/als between adjacent electrode fingers are expressed as the distance between the centers of electrode fingers, 
respectively. The above-mentioned duty ratio is defined as the ratio of the size in the width direction of an electrode 
finger along the surface acoustic wave propagation direction, compared to the sum of this size in the width direction 
and the size of the space between the electrode finger and the adjacent electrode finger. 

15 [0011] Figs. 33 and 34 illustrate changes in the characteristics of the surface acoustic wave transducer 200 shown 
in Fig. 32, obtained when the IDT-IDT intervals D and E are decreased by 0.005 k\ as compared with the above- 
described design value to increase the bandwidth. The solid lines represent the characteristics obtained when the IDT 
intervals D and E are decreased: and the broken lines represent the characteristics obtained when the above specifi- 
cations are applied. 

20 [0012] Fig, 33 shows the frequency characteristics, and Fig. 34 shows changes in VSWR. 

[0013] As seen in Figs. 33 and 34, the pass bandwidth which corresponds to the range of from the through-level to 
4 dB lower than the through-level is increased by about 1 MHz. However, the flatness of the insertion loss within the 
pass band is deteriorated, and moreover, the VSWR is reduced by about 0.25. 

[0014] On the other hand. Figs. 35 and 36 show changes in characteristics of the surface acoustic wave filter 200, 
25 obtained when the IDT-IDT intervals D and E are increased by 0.003 XI as compared with the abode-described design 
values, so that the flatness of the insertion loss within the pass band is enhanced, and the VSWR characteristic is 
improved. The solid lines represent the characteristics when the IDT intervals D and E are increased, and the broken 
lines show the characteristics obtained when the above-described specifications are applied. 

[0015] As seen in Figs. 35 and 38, the flatness of the insertion loss and the VSWR within the pass band can be 
30 improved by increasing the IDT-IDT intervals, while the pass bandwidth becomes narrower by about 1 MHz. The reason 
is that when it is attempted to produce a desired characteristic by adjustment of the IDT-IDT intervals, all of the reso- 
nance modes are changed, as seen In Figs. 29 and 30. 

[001 6] That is, since the three resonance modes can not be Individually adjusted, characteristics satisfying all of the 
requirements as to pass bandwidth, the flatness of the insertion loss within the pass band, the VSWR, and so forth 
35 can not be obtained. 

SUMMARY OF THE INVENTION 

[001 7] To overcome the above-described problems with the prior art, pref en-ed embodiments of the present invention 
40 provide a longitudinally coupled resonator type surface acoustic wave filter which solves the above-described technical 
defects, and in which the arrangement of the above-described three resonance modes are widely adjustable, and the 
design flexibility of the pass bandwidth, the flatness of the insertion loss within the pass band, and the VSWR are 
greatly enhanced. 

[0018] A prefen-ed embodiment of the present invention provides a longitudinally coupled resonator type surface 
45 acoustic wave filter in which the flatness of the insertion loss within the pass band Is greatly enhanced, and the VSWR 
characteristic Is greatly improved without the pass bandwidth being decreased. 

[0019] Another preferred embodiment of the present invention provides a longitudinally coupled resonator type sur- 
face acoustic wave filter in which the bandwidth can be increased without the flatness of the insertion loss and the 
VSWR characteristic within the pass band being deteriorated. 

50 [0020] According to an aspect of the present invention, a longitudinally coupled resonator type surface acoustic wave 
filter is provided which comprises a piezoelectric substrate, and first, second, and third IDTs provided on the piezoe- 
lectric substrate to extend along the surface acoustic wave propagation direction and having plural electrode fingers, 
respectively, at least one of the first, second, and third IDTs containing at least one narrow pitch electrode finger portion 
in which the pitches of the electrode fingers an^anged at the end of the IDT towards a neighboring IDT are shorter than 

55 those of the other electrode fingers in the IDT, the distance between the centers of at least one pair of adjacent electrode 
fingers differing from 0.25 XA + 0.25 XB In which XA represents the wavelength detennined by the pitch of one electrode 
finger, and X.B represents the wavelength detennined by the pitch of the other electrode finger 
[0021] In this case, at least one pair of the adjacent electrodes may be not only a pair of adjacent electrode fingers 
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provided in the narrow pitch electrode finger portion and a remaining electrode finger portion neighboring the narrow 
pitch electrode finger portion, and a pair of adjacent electrode fingers provided in neighboring IDT's. respectively, but 
also a pair of adjacent electrode fingers in an area other than that in which the above-mentioned adjacent electrode 
fingers are provided. 

5 [0022] According to another aspect of the present invention, a longitudinally coupled resonator type surface acoustic 
wave filter is provided which comprises a piezoelectric substrate, and first, second, and third IDTs provided on the 
piezoelectric substrate to extend along the surface acoustic wave propagation direction and having plural electrode 
fingers, respectively, at least one of the first, second, and third IDTs including at least one nan-ow pitch electrode finger 
portion' In which the pitches of the electrode fingers arranged at the end of the IDT towards a neighboring IDT are 

10 shorter than those of the other electrode fingers in the IDT. if XJ2 represents the wavelength determined by the electrode 
finger pitch of the narrow pitch electrode finger portion, and XI1 represents the wavelength determined by the electrode 
finger pitch of the electrode finger portion provided in the IDT including the narrow pitch electrode finger portion and 
being other than the narrow pitch electrode finger portion, the distance between the centers of the adjacent electrode 
fingers provided in the narrow pitch electrode finger portion and the electrode finger portion other than the narrow pitch 

15 electrode finger portion differs by 0.25 X\^ + 0.25 XI2. 

[0023] According to another aspect of the present invention, a longitudinally coupled resonatortype surface acoustic 
wave fitter is provided which includes a piezoelectric substrate, and first, second, and third IDTs provided on the 
piezoelectric substrate to extend along the surface acoustic wave propagation direction and having plural electrode 
fingers, respectively, at least one of the first, second, and third IDTs including at least one narrow pitch electrode finger 

20 portion' in which the pitches of the electrode fingers an^anged at the end of the IDT towards a the neighboring IDT are 
shorter than those of the other electrode fingers in the IDT, in the case in which X,I2 represents the wavelength deter- 
mined by the electrode finger pitch of the nan-ow pitch electrode finger portion, and XI1 represents the wavelength 
determined by the electrode finger pitch of the electrode finger portion provided in the IDT including the narrow pitch 
electrode finger portion and being other than the nan-ow pitch electrode finger portion, the distance between the centers 

25 of the adjacent electrode fingers provided In the nan-ow pitch electrode finger portion and a neighboring electrode finger 
portion differs by 0.25 XI + 0.25 X.12, 

[0024] According to still another aspect of the present Invention, a longitudinally coupled resonator type surface 
acoustic wave filter is provided which includes a piezoelectric substrate, and first, second, and third IDTs provided on 
the piezoelectric substrate to extend along the surface acoustic wave propagation direction and having plural electrode 

30 fingers, respectively, at least one of the first, second, and third IDTs Including at least one nanrow pitch electrode finger 
portion in which the pitches of the electrode fingers arranged at the end of the IDT towards a neighboring IDT are 
shorter than those of the other electrode fingers in the IDT in the case in which X12 represents the wavelength deter- 
mined by the electrode finger pitch of the nan-ow pitch electrode finger portion, and X\^ represents the wavelength 
detennined by the electrode finger pitch of the electrode finger portion provided in the IDT including the narrow pitch 

35 electrode finger portion and being other than the nan-ow pitch electrode finger portion, the distance between the centers 
of the adjacent electrode fingers provided in the neighboring IDTs, respectively, being set to differ by 0.5 X12, when 
the narrow pitch electrode finger portions are provided adjacently to each other in both of the neighboring IDTs, and 
moreover, differing by 0,25 XI1 + 0.25 XI2. when the narrow pitch electrode finger portion is provided in only one of the 
IDTs, the distance between the centers of the adjacent electrode fingers provided In the narrow pitch electrode finger 

40 portion and the electrode finger portion other than the nan-ow pitch electrode finger portion differing by 0.26 XII + 0.25 

[00251 Preferably, the deviation amount of the distance between the centers of the adjacent electrode fingers is up 

to 0.25 XII. ^ ^. 

[0026] More preferably, the electrode covering ratio of one electrode finger of a pair of the adjacent electrode fingers 
43 provided in the neighboring IDTs is relatively high, wherein the gap between a pair of the adjacent electrode fingers 
is substantially reduced. 

[0027] An area between a pair of the adjacent electrode fingers provided in the neighboring IDTs may be metallized. 
[0028] According to another aspect of the present invention, a longitudinally coupled resonator type surface acoustic 
wave filter is provided which includes a piezoelectric substrate, and first, second, and third IDTs provided on the 

50 piezoelectric substrate to extend along the surface acoustic wave propagation direction and having plural electrode 
fingers, respectively, at least one of the first, second, and third IDTs including at least one nan-ow pitch electrode finger 
portion' in which the pitches of the electrode fingers arranged at the end of the IDT towards a neighboring IDT are 
shorter than those of the other electrode fingers in the IDT, an electrode finger portion succeeding the narrow pitch 
electrode finger portion having a relatively wide electrode finger pitch, an electrode finger portion having a different 

55 electrode finger pitch being provided in the narrow pitch electrode finger portion. 

[0029] Preferably, the distance between the centers of at least one pair of the adjacent electrode fingers respectively 
provided in the narrow pitch electrode finger portions having different electrode finger pitches, differ by 0.25 XA + 0.25 
XB, In which XA and XB represent the wavelengths detennined by the respective electrode finger pitehes. 
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[0030] Moreover, preferably, the narrow pitch electrode finger portion is a chirp type electrode finger portion. The 
chirp type electrode finger portion is configured to have electrode finger pitches arranged in the linearly decreasing 
order from the center in the surface acoustic wave propagation direction of the IDT toward the outside thereof. 
[0031] According to the present invention, a longitudinally coupled resonator type surface acoustic wave filter is 
5 provided which includes plural longitudinally coupled resonator type surface acoustic wave filters described above and 
plural-stage dependently connected. 

[0032] Furthemnore, according to the present invention, a communications device is provided which uses longitudi- 
nally coupled resonator type surface acoustic wave filters described above. 

[0033] Other elements, characteristics, features and advantages of the present Invention will become more apparent 
10 from the following detailed description of preferred embodiments of the present invention, given by way of example, 
with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0034] 

Fig. 1 is a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter according to 
a first preferred embodiment. 

Fig. 2 is a graph showing the frequency characteristics of the longitudinally coupled resonator type surface acoustic 
20 wave filter of the first preferred embodiment and of a reference example. 

Fig. 3 is a graph showing the VSWR's of the longitudinally coupled resonator type surface acoustic wave filter of 
the first preferred embodiment and of the reference example. 

Fig. 4 Is a schematic plan view illustrating the principle of the first preferred embodiment. 

Fig. 5 is a graph illustrating changes in frequency positional relation between three resonance modes obtained 
25 when the inter-center distances X1 and X4 are varied in the longitudinally coupled resonator type surface acoustic 

wave filter shown in Fig. 4. 

Fig. 6 is a graph showing changes in amplitude level of the three resonance modes, obtained when the inter-center 
distances X1 and X4 are varied in the longitudinally coupled resonator type surface acoustic wave filter shown in 

Fig. 4. 

30 Fig. 7 is a graph showing changes in frequency positional relation between the three resonance modes obtained 

when the inter-center distances X5 and X6 are varied in the longitudinally coupled resonator type surface acoustic 
wave filter shown in Fig. 4. 

Fig. 8 is a graph showing changes in amplitude level between the three resonance modes obtained when the inter- 
center distances X5 and X6 are varied in the longitudinally coupled resonator type surface acoustic wave filter 
35 shown in Fig. 4. 

Fig. 9 is a graph showing changes in frequency positional relation between the three resonance modes obtained 
when the inter-center distances X2 and X3 are varied In the longitudinally coupled resonator type surface acoustic 
wave filter shown in Fig. 4. 

Fig. 10 is a graph showing changes in amplitude level between the three resonance modes obtained when the 
40 inter-center distances X2 and X3 are varied in the longitudinally coupled resonator type surface acoustic wave 

filter shown in Fig. 4. 

Fig. 11 is a graph showing changes in frequency characteristic obtained when the inter-center distances XI and 
X4 are varied from the basic design values in the longitudinally coupled resonator type surface acoustic wave filter 
shown in Fig. 4. 

45 Fig. 12 is a graph showing changes in frequency characteristic obtained when the inter-center distances X5 and 

X6 are varied from the basic design values In the longitudinally coupled resonator type surface acoustic wave filter 
shown in Fig. 4. 

Fig. 13 is a graph showing changes in frequency characteristic obtained when the inter-center distances X2 and 
X3 are varied from the basic design values in the longitudinally coupled resonator type surface acoustic wave filter 
50 shown in Fig. 4. 

Fig. 14 Is a graph showing the frequency characteristic of a modification of the first preferred embodiment. 
Fig. 15 is a graph showing the VSWR of the modification of the first preferred embodiment. 
Fig. 16 is a graph showing the propagation loss of a surface acoustic wave obtained when the gaps between the 
IDTs are varied. 

55 Figs. 1 7 A and 1 7B are schematic plan views of the modification of the first preferred embodiment. 

Fig, 1 8 is a schematic plan view of another modification of the first preferred embodiment. 
Fig. 19 is a schematic plan view according to a second preferred embodiment. 

Fig. 20 is a schematic plan view for illustration of a longitudinally coupled resonator type surface acoustic wave 
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filter according to a modification of the second preferred embodiment. 

Fig. 21 is a schematic plan view for illustration of a longitudinally coupled resonator type surface acoustic wave 
filter according to a third preferred embodiment. 

Fig. 22 is a graph showing the frequency characteristic of the longitudinally coupled resonator type surface acoustic 
5 wave filter of the third preferred embodiment and of a reference example. 

Fig. 23 is a graph showing the VSWRs of the longitudinally coupled resonator type surface acoustic wave filter of 
the third prefen-ed embodiment and of the reference example. 

Fig. 24 is a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter according 
to a fourth preferred embodiment. 
10 Fig. 25 is a schematic block diagram showing an example of a communications device using the longitudinally 

coupled resonator type surface acoustic wave filter of the present invention. 

Fig. 26 is aschematic block diagram showing another example of a communications device, usingthe longitudinally 
coupled resonator type surface acoustic wave filter of the present invention. 

Fig. 27 is a graph showing a relationship between the three resonance mode frequencies in the conventional 
15 longitudinally coupled resonator type surface acoustic wave filter. 

Fig. 28 illustrates the effective current distributions in the three resonance modes shown in Fig. 27. 

Fig. 29 is a graph showing a relationship between an IDT - IDT interval and resonance mode frequency positions 

in the conventional longitudinally coupled resonator type surface acoustic wave filter of Fig. 31 . 

Fig. 30 is a graph showing a relationship between an IDT-IDT interval and amplitude levels In the three resonance 
20 modes in the conventional longitudinally coupled resonator type surface acoustic wave filter of Fig.31 . 

Fig. 31 is a schematic plan view showing an example of the conventional longitudinally coupled resonator type 

surface acoustic wave filter. 

Fig. 32 is a schematic plan view showing another example of a conventional longitudinally coupled resonator type 
surface acoustic wave filter. 

25 Fig. 33 is a graph illustrating changes in frequency characteristic obtained when the IDT-IDT interval is changed 

in the conventional longitudinally coupled resonator type surface acoustic wave filter of Fig. 32. 
Fig. 34 is a graph illustrating changed in VSWR obtained when the IDT-IDT inten/al is changed in the conventional 
longitudinally coupled resonator type surface acoustic wave filter of Fig.32. 

Fig. 35 is a graph illustrating changes in frequency characteristic, obtained when the IDT-IDT interval is changed 
30 in the conventional longitudinally coupled resonator type surface acoustic wave filter of Fig.32. 

Fig. 36 is a graph Illustrating changes in VSWR. obtained when the IDT-IDT interval is changed in the conventional 
longitudinally coupled resonator type surface acoustic wave filter of Fig.32. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

35 

[0035] Hereinafter, the present invention will be more apparent from the following description of concrete preferred 
embodiments of the present invention made with reference to the drawings. 

[0036] Fig. 1 1s a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter according 
to a first preferred embodiment of the present Invention. The longitudinally coupled resonator type surface acoustic 
40 wave filters of this and the succeeding preferred embodiments are EGSM reception band-pass filters. However, the 
longitudinally coupled resonator type surface acoustic wave filters of the present invention are not limited to the above 
filters, and can be used as a band-pass filter in various applications. 

[0037] In this preferred embodiment, a longitudinally coupled resonator type surface acoustic wave filter 1 is provided, 
using a 40±5** Y cut X propagation LiTaOa substrate 2 as the piezoelectric substrate. 

45 [0038] In the surface acoustic wave filter 1 , surface acoustic wave filter portions 3 and 4 are two-stage dependently 
connected. The surface acoustic wave filter portions 3 and 4 are longitudinally coupled resonator type surface acoustic 
wave filters having three IDTs, respectively Both of the filters 3 and 4 have substantially the same configuration. 
[0039] In the surface acoustic wave filter 3, the first, second, and third IDTs 5, 6, and 7 are arranged in the surface 
acoustic wave propagation direction. Reflectors 8 and 9 are arranged at respective sides of the area in which the IDTs 

50 5, 6, and 7 are provided. 

[0040] Similarly, in the surface acoustic wave filter 4, the first, second, and third IDTs 10, 11, and 12 are arranged. 
Reflectors 13 and 14 arc arranged at respective sides of the area in which the IDTs 10, 11 , and 12 are provided. 
[0041] One end of the second IDT 6 in the center of the surface acoustic wave filter portion 3 is connected to an 
Input terminal 15. Also, one end of the first and third IDTs 5 and 7 in the surface acoustic wave filter portion 3 are 

55 electrically connected to one end of the first and third IDTs 1 0 and 12 in the surface acoustic wave filter portion 4. One 
end of the second IDT 11 in the surface acoustic wave filter portion 4 is electrically connected to an output terminal 
16. All of the ends of the IDTs 5 to 7 and 10 to 12 which are on the sides opposite to the ends thereof which are 
connected to the input temninal 1 5, the output temninal 16, and the other IDTs are connected to a ground potential. 
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[0042] In the surface acoustic wave filter portion 3, the IDT's 5 to 7 have narrow pitch electrode finger portions In 
which the electrode finger pitches are relatively narrow. For example, electrode fingers 5a and 6a are adjacent to each 
other in the area where the IDTs 5 and 6 are adjacent to each other Several electrode fingers of the IDT 5 including 
the electrode finger 5a, an-anged at the end thereof on the IDT 6 side, define an narrow pitch electrode finger portion 
5 N1 in which the electrode finger pitches are narrow as compared with the pitches of the remaining electrode fingers 
of the IDT 5. That is, in the IDT 5, the electrode finger pitch in the narrow pitch electrode finger portion N1 is set to be 
narrower than the electrode finger pitch in the remaining electrode finger portion. 

[0043] Similarly, in the IDT 6, several electrode fingers thereof including the electrode finger 6a, arranged at the end 
thereof on the IDT 5 side define a narrow pitch electrode finger portion N2. 

10 [0044] On the other hand, in the area where the IDTs 6 and 7 are adjacent to each other, the electrode finger 6b of 
the IDT 6 and the electrode finger 7a of the IDT 7 are adjacent to each other. Several electrode fingers of the IDT 6 
including the electrode finger 6b at the end thereof on the IDT 7 side define a narrow pitch electrode finger portion N3. 
Thus, the narrow pitch electrode finger portions N2 and N3 are provided at both ends of the IDT 6 in the surface acoustic 
wave propagation direction. The electrode finger pitches in the narrow pitch electrode finger portions N2 and N3 are 

IS narrow as compared with the electrode finger pitch of the electrode finger portion In the center of the IDT 6. The 
electrode finger pitches of the narrow pitch electrode finger portions N2 and N3 are set to be the same. 
[0045] In the IDT 7, a narrow pitch electrode finger portion N4 is provided. The narrow pitch electrode finger portion 
N4 includes plural electrode fingers at the end thereof on the IDT 6 side. In the IDT 7, the electrode finger pitch in the 
narrow pitch electrode finger portion N4 is narrower than that in the remaining electrode finger portion thereof. 

20 [0046] In the IDT's 10 to 12, the narrow pitch electrode finger portions N1 , N2, N3, and N4 are provided as well as 
in the IDTs 5 to 7, 

[0047] For brief illustration, the number of the electrode fingers shown in Fig. 1 is smaller than the number of electrode 
fingers used in practice. 

[0048] First, a basic design example (hereinafter, referred to as a reference example) of a longitudinally coupled 
25 resonator type surface acoustic wave filter 1 , which is not an example of the present invention, will be described. The 
wavelength determined by the electrode finger pitch In the narrow pitch electrode finger portions N 1 to N4 Is designated 
by XI2. The wavelength detemnined by the electrode finger pitch in the other electrode finger portions is designated by 
XII. 

[0049] The electrode finger crossing width W in the IDTs 5 to 7 and 10 to 12 Is 35.8 X1 1 . 
30 [0050] Referring to the numbers of the electrode fingers in the IDTs 5, 7. 10, and 12, the number of electrode fingers 
in the respective narrow pitch electrode finger portions Is 4. and that of the electrode fingers in the respective remaining 
electrode finger portion is 25. 

[0051] Referring to the numbers of electrode fingers in the IDT's 6 and 11, the number of electrode fingers in each 
of the narrow pitch electrode finger portions N2 and N3 provided at both ends, respectively, is 4. The numberof electrode 
35 fingers in the electrode finger portion in the center thereof, which is not the narrow pitch electrode finger portion, is 27. 
[0052] The XI1 is 4. 1 9 ^m. 
[0053] The X\2 is 3.90 ^m. 

[0054] The wavelength XR of the reflectors 8, 9, 13, and 14 is 4.29 \im. The number of electrode fingers in the 
respective reflectors is 100. 

40 [0055] The electrode finger inter-center distance (which is the distance between the centers of a pair of the adjacent 
electrode fingers provided In a narrow pitch electrode finger portion and the remaining electrode finger portion) is equal 
to the sum of 0.25 XI1 and 0.25 XI2. The inter-center distance between the centers of a pair of the adjacent electrode 
fingers provided in a narrow pitch electrode finger portion and the remaining electrode finger portion is indicated by 
the arrow XI , X2, X3, or X4 In Fig. 1 . For example, the distance Is between the centers of a pair of the adjacent electrode 

45 fingers provided in the area where the narrow pitch electrode finger portion N1 of the IDT 5 and the remaining electrode 
finger portion thereof are adjacent to each other. 

[0056] The neighboring IDT-IDT interval is 0.50 XI2. In particular, in this embodiment, respective narrow pitch elec- 
trode finger portions are provided at the ends of both of the IDTs which are neighboring to each other. The distance 
between the centers of the adjacent electrode fingers provided in neighboring IDTs, indicated by arrow X5 or X6, is 
50 set at 0.50 XI2, 

[0057] The interval between an IDT and the neighbouring reflector is 0.50 XR. 

[0058] The duty ratio in the IDTs 5 to 7 and 1 0 to 12 is 0.73. The duty ratio in the reflectors is 0.55. 

[0059] The electrode film-thickness is 0.08 XI1 . 

[0060] In this example, each of the distances XS and X6 between the centers of the adjacent electrode fingers pro- 
55 vided in neighboring IDPs. and each of the distances XI to X4 between the centers of the adjacent electrode fingers 
respectively provided in neighboring electrode finger portions, of a same IDT, having different electrode finger pitches 
are set as the sum of 0.25 times each of the wavelengths which are determined by the electrode finger pitches in the 
electrode finger portions each including a pair of the adjacent electrode fingers. The reason is that the continuity of the 
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propagation path of a surface acoustic wave is maintained, and the loss caused by radiation of a bull< wave is greatly 
reduced. 

[0061] In the longitudinally coupled resonator type surface acoustic wave filter of this reference example, the loss is 
low, and a wider pass band is produced by using the above-mentioned three resonance modes, as compared with the 

5 conventional longitudinally coupled resonator type surface acoustic wave filter 

[0062] According to this preferred embodiment, in the longitudinally coupled resonator type surface acoustic wave 
filter of the above reference example, each of the inter-center distances X1 to X6 deviates from the sum of 0.25 times 
the wavelength which Is detemnined by the pitch of plural electrode fingers including one of a pair of the adjacent 
electrode fingers and extending away from the other of the adjacent electrode fingers, and 0.25 times the wavelength 

10 which is determined by the pitch of plural electrode fingers containing the other of the adjacent electrode fingers and 
extending away from said one of the adjacent electrode fingers. This will be described more concretely below. 
[0063] Dispersions in insertion loss and the VSWR within the pass band are greatly improved by adjusting the inter- 
center distances X1 to X6 in the above-described reference example used as a basic design. 
[0064] In this embodiment, the electrode finger crossing width is set at 43.0 Xi1 . The inter-center distances XI to X6 

15 are set as follows: 

each of inter-center distances X1 and X4 = 0.25 XI1 + 0.25 X\2 + 0.015 XI1 ; 
each of inter-center distances X5 and X6 = 0.50 XI2 - 0.020 X\^ ; and 
each of inter-center distances X2 and X3 = 0.25 XI1 + 0.25 XI2 + 0,01 0 XI1 . 

20 

[0065] To achieve impedance-matching, the electrode finger crossing width is changed as described above. 
[0066] Fig. 2 shows the frequency characteristics of the longitudinally coupled resonator type surface acoustic wave 
filter of this preferred embodiment and the above-described reference example. Fig. 3 shows the VWSR characteristics 
thereof. In Figs. 2 and 3. the solid lines represent the results obtained in the first preferred embodiment, and the broken 
25 lines represent the results of the above reference example. Fig. 2 also shows the frequency characteristics magnified 
at the scale listed on the right side of the ordinate axis. 

[0067] As seen in Figs. 2 and 3, according to this example, dispersions In insertion loss are greatly reduced, and the 
VSWR is improved by about approximately 0.3 in the pass band. Moreover, the pass bandwidth which con-esponds to 
the range of from the through-level to the attenuation 4 dB lower than the through-level is substantially the same as 

30 that of the reference example. 

[0068] In this example, each of the distances XI to X4 between the centers of a pair of the adjacent electrode fingers 
provided in a narrow pitch electrode finger portion and the electrode finger portion having a pitch different from that of 
the narrow pitch electrode finger portion but in the same IDT is set to be greater than that of the reference example. 
That is, each of the distances X1 to X4 is set to be greater than the sum of 0.25 times each of the wavelengths which 

35 are determined by the respective electrode finger pitches In a pair of the adjacent electrode fingers, and moreover, 
each of the distances X5 and X6 between the centers of a pair of the adjacent electrode fingers provided in neighboring 
IDPs is set to be greater than the above design value. Thereby, dispersions in insertion loss and the VSWR are greatly 
enhanced in the pass-band. That is, dispersions in insertion loss and the VSWR are greatly Improved in the pass-band 
without the pass band being narrowed. 

40 [0069] The above-described advantages will be described with reference to Figs. 4 to 1 0. 

[0070] Fig. 4 shows the features of the surface acoustic wave filter portion 3 alone, removed from the longitudinally 
coupled resonator type surface acoustic wave filter 1 shown in Fig. 1 . 

[0071] In a longitudinally coupled resonator type surface acoustic wave filter portion 3A shown in Fig. 4, one end of 
each of the IDTs 5 and 7 is connected to an output temnlnal 1 7. 
45 [0072] Figs. 5 to 1 0 show changes in the frequencies In the resonance modes A to C (the resonance modes A to C 
shown in Figs. 27 and 28) produced when the electrode finger inter-center distances X1 to X6 are varied In the longi- 
tudinally coupled resonator type surface acoustic wave filter of Fig. 1 (Fig.4). 

[0073] Here, the term of "changes in the electrode finger inter-center distance" means the distance which is changed 
compared to the design value of the above-described reference example. Figs. 5 to 1 0 show the results obtained when 
50 the impedance of 50 a is exchanged for an impedance of 5 Q for deviation from the matching condition. Thus, it should 
be pointed out that the results of Figs. 5 to 10 show the relative positions, not the correct absolute positions of the 
resonance mode frequencies. 

[0074] Figs. 5 and 6 show changes in the frequencies of the resonance modes A to C caused when the inter-center 
distances XI and X4 shown in Fig. 4 are varied, Figs. 7 and 8 show changes in the resonance mode frequencies, 
55 caused when the inter-center distances X5 and X6 (that is, the IDT-IDT intervals) are varied, and Figs. 9 and 10 show 
changes in the resonance mode frequencies, caused when the inter-center distances X2 and X3 are varied. 
[0075] In Figs. 5 to 10, it is seen that the change-states of the frequencies in three kinds of the resonance modes, 
caused when the inter-center distances are varied, respectively, are different from each other, depending on the inter- 
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center distances. Moreover, for the purpose of illustrating the differences in change of the characteristics caused when 
the respective inter-center distances are varied. Figs. 11 to 13 show changes in the frequency characteristics, caused 
when the Inter-center distances are changed by ± 0.02 X\ 1 in the above-described reference example. 
[0076] Fig. 11 shows the results obtained when the inter-center distances XI and X4 are changed. Fig. 12 shows 
5 those obtained when the inter-center distances X5 and X6 are changed, and Fig. 13 shows those obtained when the 
inter-center distances X2 and X3 are changed. 

[0077] As seen in Figs. 11 to 13, the changes within the pass band differ significantly when the respective inter- 
center distances are adjusted. That is, the inter-center distances X1 to X6, namely, the Inter-center distances XI and 
X4, the inter-center distances X5 and X6, and the inter-center distances X2 and X3 are paired, respectively. Thus, the 
10 flexibility for controlling the resonance mode frequencies and the levels by adjustment of three types of the inter-center 
distances is significantly enhanced. 

[0078] In this preferred embodiment, the inter-center distances X1 to X4 are set to be greater than those of the above- 
described basic design value, while the Inter-center distances X5 and X6 are set to be less than those of the basic 
design value. Thereby, the arrangement of the frequencies in the three resonance modes A to C is adjusted such that 
15 deviations in insertion loss and the VSWR within the pass band are greatly improved without changing the pass band- 
width. 

[0079] Hereinafter, a modification of the first example will be described, in which the pass band is widened by adjusting 
the above-described three types of the inter-center distances. In this modification, the designs of the electrodes are 
changed as compared with the basic designs as follows: 

20 

electrode finger crossing width: 46.4 A,I1 
wavelength XII of IDT: 4.20 p.m 
wavelength XIR of reflector: 4.30 jim 

inter-center distance X1 and X4: 0.25 XII + 0.25 XI2 -0.010 XII 
25 inter-center distance X5 and X6: 0.50 X12 - 0.020 XII 

Inter-center distance X2 and X3: 0.25 XII + 0.25 XI2 -0.015 XII. 

[0080] To achieve impedance-matching, the electrode finger crossing width W Is changed. Moreover, the wavelength 
of the IDT and the wavelength of the reflectors are changed to connect deviations in center frequency. 
30 [0081] Figs, 14 and 15 show the frequency characteristic and the VSWR of this modification. 

[0082] In Figs. 14 and 15, the solid lines represent the results of this modification, while the broken lines represent 
those of the reference example. 

[0083] As seen in Figs. 14 and 15, the pass bandwidth which corresponds to the range of from the through-level to 
the attenuation 4 dB lower than the through-level is increased by about 1 MHz as compared with the reference example. 
55 In this case, no significant deterioration is shown as compared with the reference example, though some wave-shape 
Is formed In the pass band, and the VSWR is comparable to that of the reference example. 

[0084] As described above, in the area in which a narrow pitch electrode finger portion is adjacent to the remaining 
electrode finger portion, and moreover, In the area in which IDTis are adjacent to each other, the inter-center distance 
between the centers of the adjacent two electrode fingers is changed from the value equal to the sum of 0.5 times 

40 each of the wavelengths detemnined by the pitches of the respective electrode fingers. However, this has the problem 
that the continuity of the propagation degree of a surface acoustic wave is deteriorated. Fig. 16 shows changes In 
propagation loss when the inter-center distances X5 and X6 shown in Fig. 1 are varied. Changes in IDT-IDT Interval, 
that is, changes in inter-center distances X5 and X6 are plotted as abscissa. At the zero point, the Inter-center distance 
is 0.5 XI2. The propagation loss is 1 .5 dB. Values obtained by removing a loss due to impedance mismatching from 

45 the insertion loss are plotted as ordinate. 

[0085] In Fig. 1 6, It is seen that the propagation loss deteriorates which Is caused when the inter-center intervals X5 
and X6, that is, the changes In IDT-IDT Intervals are varied from zero. 

[0086] It is presumed that the deviation in periodicity becomes the same as that of the conventional example by 
setting the inter-center distances X5 and X6 to be greater by about 0.26 X1 1 than the basic design value, and thus, the 

50 propagation loss deteriorates until it becomes equal to that of the conventional example. 

[0087] SImilariy, when the other inter-center distances XI to X4 shown In Fig. 1 are varied, the above-described 
deterioration of the propagation loss occurs. Accordingly, it Is understood that preferably, the upper limit of the adjust- 
ment amount of the inter-center distances XI to X6 is less that the value which Is obtained by adding 0.25 XII (in which 
XI is the wavelength determined by the electrode finger pitch in an electrode finger portion, not in a narrow pitch electrode 

55 finger portion) to the basic design value, that is, the sum of 0,25 times each of the wavelengths detemriined by the 
respective pitches of the adjacent two electrode fingers. In the EGSM reception filter of the first preferred embodiment, 
the adjustment amount is about 0.25 XII . The lower limit of the adjustment amount is set to be in the range in which 
etching process or lift-off process is available. 
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[0088] As described above, in the longitudinally coupled resonator type surface acoustic wave filters of the first 
example and the above-described modification, the design flexibilities for controlling dispersions in pass bandwidth 

and insertion loss, and the VSWR in the pass-band, are significantly enhanced. 

[0089] Moreover, similarly to the first pref en-ed embodiment, the arrangement of the three resonance modes is con- 
5 trolled by adjusting the three types of the electrode finger inter-center distances, and thereby, the steepness of the 
filter characteristic in the vicinity of the pass band. 

[0090] In the above preferred embodiments, a 40±5** Y cut X propagation LiTaOa substrate is used. However, the 
piezoelectric material defining the piezoelectric substrate in this invention has no special limitation. A 64 to 72"* Y cut 
X propagation LiNbOg substrate, a 4r Y cut X propagation LiNbOg substrate, or other suitable substrate may be 
10 employed. 

[0091] Moreover, in the above-described preferred embodiments, three-IDT-type longitudinally coupled resonator 
type surface acoustic wave filter portions each having first, second, and third IDPs, which are two-stage dependently 
connected, and the 1 -stage 3-IDT-type longitudinally coupled resonator type surface acoustic wave filter portion 3A, 
are described. The present invention can also be applied to a five-IDT-type longitudinally coupled resonator type surface 
15 acoustic wave filter 1 8 having five IDTs as shown in Fig. 1 7A, and a multi-electrode longitudinally coupled resonator 
type surface acoustic wave filter having more than 5 IDT's. Furthermore, the present invention can be applied to a 
device in which a surface acoustic wave resonator 1 9 Is connected in series with a surface acoustic wave filter portion 
3A as shown in Fig. 17B. 

[0092] Moreover, as shown in Fig. 18, one of the interdigital electrodes of the IDT 11 A in the center of the second 
so longitudinally coupled resonator type surface acoustic wave filter portion 4A may be divided into two portions, and 

output terminals 20 and 21 are connected to the portions, respectively. Thus, a longitudinally coupled resonator type 

surface acoustic wave filter having a balance - unbalance conversion function may be produced as in this example. 

[0093] In addition, when the two-stage dependent connection is carried out, the first longitudinally coupled resonator 

type surface acoustic wave filter portion 3B and the second longitudinally coupled resonator type surface acoustic 
25 wave filter portion 4A may have different electrode finger crossing widths. Furthermore, the longitudinally coupled 

resonator type surface acoustic wave filter portions of the respective stages may have different design conditions other 

than the electrode finger crossing width. 

[0094] Furthermore, in the first preferred embodiment as described above, both of the adjacent electrode fingers 
provided in neighboring IDTs are connected to the ground potential. However, one of the electrode fingers may be a 
30 ground electrode, and the other electrode finger may be a signal electrode, as seen in the surface acoustic wave filter 
portion 3B of Fig. 18. 

[0095] In the first preferred embodiment, the an-angement of the three resonance modes is controlled by adjustment 
of the three types of the electrode finger inter-center distances, that is. the electrode finger inter-center distances X1 
and X4. the electrode finger inter-center distances X5 and X6, and the electrode finger inter-center distances X2 and 

35 X3. However, as described above, when the distance between the centers of the two adjacent electrode fingers in a 
narrow pitch electrode finger portion and the neighboring electrode finger portion, or the distance between the centers 
of the adjacent electrode fingers provided in neighboring IDTs are varied from the sum obtained by addition of the 
values of 0.25 times each of the wavelengths detennined by the respective electrode finger pitches, the continuity of 
a surface acoustic wave is damaged as described above. Such a change amount as employed in the first pretended 

40 embodiment does not significantly influence the continuity of the surface acoustic wave. The loss may considerably 
increase with the above-described IDT-IDT inten^als. 

[0096] In the second preferred embodiment, to solve the above-described problem, as shown in Fig. 1 9, the electrode 
finger inter-center distances X5 and X6 between the IDTs 5 and 6, between the IDTs 6 and 7, between the IDTs 10 
and 11, and between the IDTs 11 and 12 are increased, and one of adjacent electrodes is configured to have an 

45 increased width. For example, in the adjacent electrode fingers 5a and 6a of the IDTs 5 and 6, the width of one electrode 
finger 6a is increased, and thereby, the gap Y1 between the electrode fingers 5a and 6a is equal to the gap between 
the electrode fingers in the narrow pitch electrode portion In the vicinity of the gap Y1 . As described above, in the case 
in which the IDT-IDT interval is increased as compared with that of the above reference example, and the enlarged 
area between the IDTs is produced, the insertion loss in the pass band deteriorates. However, as in the second pre- 

50 ferred embodiment, one of the adjacent electrode fingers is configured to have an increased width, and thus the gap 
between the electrode fingers is substantially equal to the gap between the electrode fingers in the vicinity thereof. 
Thereby, the deterioration of the insertion loss is greatly reduced. 

[0097] Fig. 20 is a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter ac- 
cording to a modification of the second preferred embodiment. In the second preferred embodiment, one of the adjacent 
55 electrode fingers is configured to have an increased width. In the modification shown in Fig. 20, the IDT-IDT interval 
area is completely metallized. That is, the area between the neighboring IDTs is completely metallized. Also in this 
case, similarly to the second preferred embodiment, the deterioration of the insertion loss in the pass band is greatly 
suppressed. This will be described with reference to concrete experimental examples. 
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[0098] The following Table 1 lists the values of propagation loss obtained when the electrode finger inter-center 
distances X5 and X6 are increased from 0.5X12 by 0.2 XI1, that is, Table 1 lists the values of the propagation loss in 
the first preferred embodiment and the modification (of the second embodiment) shown in Fig. 20. Here, the propagation 
loss means a value obtained by subtracting a loss caused by impedance mismatching from tbe insertion loss. For 
reference, propagation losses, obtained when the IDT-IDT intervals, that is, the electrode finger inter-center distances 
X5 and X6 are 0.5 X\2 (that is, the above-described reference example), are also listed. 



Table 1 







propagation toss (dB) 


first embodiment 


IDT-IDT interval free 


1.75 


modification of Fig. 20 


IDT-IDT interval metallized 


1.50 


reference example 


IDT-IDT interval 0.50X12 


1.50 



[0099] As seen in Table 1 , in the modification of Fig. 20, the propagation loss is restored to the same value obtained 

when the electrode finger inter-center distances X5 and X6, which are IDT-IDT intervals, are 0.5 XI2. 

[0100] That is, when the positions of the resonance modes are controlled by increasing the IDT-IDT intervals, the 

deterioration of the Insertion loss is greatly suppressed by metallizing the IDT-IDT inten/al areas. 

[01 01 ] In the first preferred embodirinent. the upper limit of the adjustment amount of the electrode finger Inter-center 

distances X5 and X6, that is, the IDT-IDT intervals, is set to the value obtained by adding 0.25 XI to the sum of 0.25 XI 

times each of the two adjacent electrode finger pitches. However, the adjustment amount may be further increased, 

when the constitution of the second example is used. 

[0102] Moreover, it is understood that when each of the IDT-IDT intervals is increased, similar advantages are ob- 
tained by configuring one of the adjacent electrode fingers to have a reduced width (second example) and setting the 
gap between the adjacent electrode fingers to be substantially equal to the gap between the electrode fingers in the 
vicinity thereof. 

[0103] Fig. 21 is a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter ac- 
cording to a third preferred embodiment. In the longitudinally coupled resonator type surface acoustic wave filter 31 of 
the third preferred embodiment, two electrode finger pitches are provided in the narrow pitch electrode finger portion. 
In other respects, the filter 31 is substantially the same as the longitudinally coupled resonator type surface acoustic 
wave filter of the first preferred embodiment. Accordingly, the same components are designated by the same reference 
numerals, and for these components, the description in the first example is applied. 

[0104] Surface acoustic wave filter portions 33 and 34 are two-stage dependency connected in the similar manner 
to that of the first prefen^ed embodiment. In the surface acoustic wave filter portion 33, IDTs 35 to 37 are arranged in 
the surface acoustic wave propagation direction. The IDTs 35 to 37 each have a nan-ow pitch electrode finger portion 
similar to the IDTs 5 to 7. In the IDT 35, the narrow pitch electrode finger portion N1 includes electrode finger portions 
N 1 A and N1 B having different electrode finger pitches. That is, the electrode finger portion N1 B including two electrode 
fingers provided at the end of the IDT 35 near the IDT 36, and the adjacent electrode finger portion N1 A. have different 
electrode finger pitches. Similarly, in the narrow pitch electrode finger portions N2 and N3 of the IDT 36, electrode 
finger portions N2A, N2B, N3A, and N3B having different electrode finger pitches are provided. Moreover, similarly, in 
the IDT 37, the narrow pitch electrode finger portions N4A and N4B have different electrode finger pitches. 
[01 05] Also, the longitudinally coupled resonator type surface acoustic wave filter portion 34 is similarly configured. 
In the respective IDTs, the electrode finger portions N1 B, N2B, N3B, and N4B, which are positioned relatively close 
to the neighboring ends of IDTs are classified into a group B. The narrow pitch electrode finger portions N1 A, N2A, 
N3A, and N4A, which are positioned relatively far from the neighboring ends of IDTs are classified into a group A. All 
of the electrode finger pitches of the group A are the same, and all of the electrode finger pitches of the group B are 
the same. 

[0106] To enhance the continuity of the propagation path of a surface acoustic wave, the electrode finger pitch of 
the group A is set to be greater than that of the group B. 

[0107] Accordingly, in the longitudinally coupled resonator type surface acoustic wave filter portion 33, as the area 
in which electrode fingers having different electrode finger pitches are adjacent to each other, the area in which a pair 
of the adjacent electrode fingers are adjacent to each other In the electrode finger portions having different electrode 
finger pitches of the respective narrow pitch electrode finger portions is produced, In addition to the area in which a 
pair of electrode fingers are adjacent to each other at each of the inter-center distances XI to X6. That is, there are 
areas as indicated by the arrows X7 to XI 0 shown in Fig. 21 . In this preferred embodiment, each of the inter-center 
distances X1 to X1 0 is set at the value equal to the sum of 0.25 times the wavelength detennined by the pitch of a pair 
of the neighboring electrode fingers. The other design details are as follows. The longitudinally coupled resonatortype 
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surface acoustic wave filter portion 34 is designed in the same manner as the longitudinally coupled resonator type 

surface acoustic wave filter portion 33. 

[0108] The electrode finger crossing width is 40.6 X11 . 

[01091 The wavelength X\^ of the IDT in each of the electrode finger portions excluding the narrow pitch electrode 
5 finger portions is 4.20 }im. 

[0110] The wavelength XI2 of the electrode fingers of the group A is 3.92 |im. 
[0111] The wavelength X\3 of the electrode fingers of the group B is 3.87 ^im. 
[0112] The wavelength XR of the respective reflectors is 4,30 ^im. 

[0113] Figs. 22 and 23 show the frequency characteristic and the VSWR of the longitudinally coupled resonator type 
10 surface acoustic wave filter of the third prefenred embodiment. The characteristics of the reference example previously 

described in the first preferred embodiment are represented by the broken lines in Figs.22 and 23. 

[0114] As seen in Figs. 22 and 23, according to the third prefen-ed embodiment, the VSWR is improved by about 

0.25, and the minimum insertion loss Is substantially Increased, as compared with the above-described reference 

example. Thus, dispersions in insertion loss within the pass band are greatly reduced. 
15 [01 15] In this case, the pass bandwidth which con^esponds to the range of from the through-level to the attenuation 

4 dB lower than the through-level is similar to that of the reference example. 

[0116] That Is, the arrangement of the three resonance modes A, B, and C Is controlled in a similar fashion to the 
first prefen-ed ernbodiment by adjusting each of the narrow pitch electrode finger portions to have two electrode finger 
portions of which the pitches are different, such that the characteristics are greatly improved. 
20 [01 1 7] In the third preferred embodiment, the two electrode finger portions having different electrode finger pitches 
are arranged In each of the narrow pitch electrode finger portions. However, three or more electrode finger portions 
having different pitches may be so arranged. 

[0118] Furthermore, the arrangement of the above-described three resonance modes is controlled by adjusting the 
inter-center distances XI to X10 shown in Fig. 21 . In the third prefenred embodiment, the flexibility of controlling the 

25 an*angement of the three resonance modes is further improved as compared with the first preferred embodiment. 

[0119] Fig. 24 Is a schematic plan view of a longitudinally coupled resonator type surface acoustic wave filter ac- 
cording to a fourth preferred embodiment. In the longitudinally coupled resonator type surface acoustic wave filter 41 
of the fourth preferred embodiment, longitudinally coupled resonator type surface acoustic wave filter portions 43 and 
44 are two-stage dependency connected, similar to the longitudinally coupled resonator type surface acoustic wave 

30 filter portions 3 and 4 of the first preferred embodiment. 

[0120] In the longitudinally coupled resonator type surface acoustic wave filter 43, in the area where IDTs 45 and 
46 are adjacent to each other, a portion of the electrode finger portion of the IDT 45 which is near the end thereof on 
the IDT 46 side, is configured as a chirp type electrode finger portion M1 . More particularly, the pitches of the four 
electrode fingers of the IDT 45 in the area near the end thereof on the IDT 46 side, including the electrode finger at 

35 the end thereof, are linearly changed. That is, as the electrode fingers are positioned farther from the end of the IDT 
46, the pitches are increased. Thus, the chirp type electrode finger portion Ml is provided Instead of the narrow pitch 
electrode finger portion in the first preferred embodiment. Similarty, in the IDTs 46 and 47, chirp type electrode finger 
portions M2 to fM are provided instead of the narrow pitch electrode finger portions, in the area where IDT's are 
adjacent to each other. 

40 [0121] To enhance the continuity of the propagation path of a surface acoustic wave, the electrode finger pitches 
are an-anged in decreasing order from the center of the IDT 45 toward the end thereof on the IDT 46 side. The longi- 
tudinally coupled resonator type surface acoustic wave filter portion 44 is also configured similar to the longitudinally 
coupled resonator type surface acoustic wave filter portion 43. 

[0122] The same advantages as those of the first prefen-ed embodiment are obtained by providing a chirp type 
45 electrode finger portion instead of the nan^ow pitch electrode finger portion in this preferred embodiment. That Is, the 
an-angement of the above-described three resonance modes Is controlled similarly to the first prefered embodiment, 
by adjusting the values of the maximum and minimum pitches or the difference between them in the chirp type electrode 
finger portion. 

[0123] Figs. 25 and 26 are schematic block diagrams illustrating a communications device using the longitudinally 

so coupled resonator type surface acoustic wave filter of the present invention. 

[0124] In Fig. 25, adlplexer62 Is connected to an antenna 61 . A longitudinally coupled resonatortype surface acoustic 
wave filter 64 configured according to the present invention and an amplifier 65 are connected between the diplexer 
62 and a reception side mixer 63. Moreover, an amplifier 67 and a longitudinally coupled resonatortype surface acoustic 
wave filter 68 configured according to the present invention are connected between the diplexer 62 and a transmission 

55 side mixer 66. In the case in which the amplifier corresponds to a balanced signal as described above, the longitudinally 
coupled resonator type surface acoustic wave filter configured according to the present invention is effectively used 
as the surface acoustic wave filter 64. 

[0125] Moreover, in the case in which the amplifier 65A used on the reception side con^esponds to an unbalanced 
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signal as shown in Fig. 26, a longitudinally coupled resonator type surface acoustic wave filter configured according 
to the present invention is effectively used as the surface acoustic wave filter 64A. 

[0126] In this comnnunications device, a wide band, enhancement of the insertion loss within the pass band, and 
improvement of the VSWR are achieved. 

5 [01271 According to an longitudinally coupled resonator type surface acoustic wave filter of the present invention, at 
least one of the first, second, and third IDTs containing at least one narrow pitch electrode finger portion in which the 
pitches of a portion of the electrode fingers an-anged at the end of the IDT towards a neighboring IDT are less than 
those of the other electrode fingers, wherein the distance between the centers of at least one pair of adjacent electrode 
fingers is deviated from 0.25 XA + 0.25 XB in which XA represents the wavelength detennined by the pitch of one 

10 electrode finger, and XB represents the wavelength determined by the pitch of the other electrode finger of the pair. 
Thus, the arrangement of the above-described three resonance modes is controlled by adjusting the inter-center dis- 
tances, and thereby, a wide band, enhancement of the flatness of the insertion loss within the pass band, and improve- 
ment of the VSWR are achieved. 

[0128] If XI2 represents the wavelength determined by the electrode finger pitch of the narrow pitch electrode finger 
15 portion, and XI1 represents the pitch of the electrode finger portion provided in the IDT containing the narrow pitch 
electrode finger portion and being otherthan the nan-ow pitch electrode finger portion, the distance between the centers 
of the adjacent electrode fingers of the neighboring IDTs may be deviated from 0.5 XI2, when the narrow pitch electrode 
finger portions are an^anged on both of the neighboring sides of the IDTs, and moreover, may be set to be different 
from 0.25 XI1 + 0.25 XI2, when the narrow pitch electrode finger portion is provided in only one of the IDT's. In this 
20 case, similarly, the arrangement of the above-described three resonance modes is significantly controlled by adjusting 
the inter-center distances. Thereby, a wide band, enhancement of the flatness of the insertion loss within the pass 
band, and improvement of the VSWR is achieved. 

[01 29] I n the case in which the distance between the centers of the adjacent electrode fingers provided, respectively, 
in the narrow pitch electrode finger portion and the electrode finger portion other than the narrow pitch electrode finger 
25 portion is deviated from 0.25 XI1 + 0.25 X12, similarly, the an-angement of the above-described three resonance modes 
is significantly controlled by adjusting the inter-center distances, and thereby, a wide band, enhancement of the flatness 
of the insertion loss within the pass band, and improvement of the VSWR are achieved. 

[0130] When the distance between the centers of the adjacent electrode fingers deviates as described above, the 
deviation amount is preferably up to about 0.25 XI1 . Thereby, deterioration of the propagation loss is greatly suppressed. 

30 [0131 ] In the present invention, the electrode covering ratio of one electrode finger of a pair of the adjacent electrode 
fingers provided in the neighboring IDTs may be relatively high, wherein the gap between a pair of the adjacent elec- 
trode fingers is substantially reduced. Thus, the continuity of the propagation path of a surface acoustic wave between 
IDTs is greatly enhanced, and deterioration of the insertion loss within the pass band is greatly suppressed. 
[0132] Similarly, in the case in which an area between a pair of the adjacent electrode fingers provided in the neigh- 

35 boring IDTs is metallized, the continuity of the propagation path of a surface acoustic wave between IDTs is also 
enhanced, and deterioration of the insertion loss within the pass band is greatly suppressed. 

[0133] Moreover, when electrode finger portions having different electrode finger pitches are provided in the narrow 
pitch electrode finger portion, the above-described arrangement of the three resonance modes Is controlled by adjusting 
the distance between the centers of the adjacent electrode fingers in the neighboring electrode finger portions with 

40 different electrode finger pitches provided in the narrow pitch electrode finger portion. A wide band, enhancement of 
the flatness of the insertion loss within the pass band, and improvement of the VSWR are achieved. 
[0134] Especially, in the case in which electrode finger portions having different electrode finger pitches are provided 
in the narrow pitch electrode finger portion, the distance between the centers of at least one pair of the adjacent 
electrode fingers provided in the narrow pitch electrode finger portions having different electrode finger pitches, re- 

45 spectlvely, is deviated from 0.25 XA + 0.25 XB, in which XA and XB represent the wavelengths detemnined by the 
respective electrode finger pitches. In this case, the arrangement of the three resonance modes is significantly con- 
trolled. Thus, a wide band, enhancement of the flatness of the insertion loss within the pass band, and improvement 
of the VSWR is achieved. 

[0135] In the case in which the narrow pitch electrode finger portion includes a chirp type electrode finger portion, 
50 the arrangement of the above-described three resonance modes is significantly controlled by adjusting the maximum 
and minimum pitch values and the difference between them in the chirp type electrode finger portion. 
[01 36] Particularly, when the chirp type electrode finger portion is configured to have electrode finger pitches an^anged 
in linearly decreasing order from the center of the IDT toward the outside thereof in the surface acoustic wave propa- 
gation direction, the continuity of the propagation path of a surface acoustic wave Is greatly enhanced, such that de- 
55 terioration of the insertion loss is prevented. 

[0137] While the present Invention has been described with reference to what are at present considered to be pre- 
ferred embodiments, It is to be understood that various changes and modifications may be made thereto without de- 
parting from the invention in its broader aspects and therefore, it is intended that all such changes and modifications 
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fall within the scope of the invention as defined in the appended claims. 



Claims 

5 

1 . A longitudinally coupled resonator type surface acoustic wave filter (1 ) comprising: 

a piezoelectric substrate (2); and 

first, second, and third IDPs (5-7)provided on the piezoelectric substrate to extend along the surface acoustic 

10 wave propagation direction and having plural electrode fingers, respectively; 

at least one of the first, second, and third IDPs including at least one narrow pitch electrode finger portion 
(N1-N4) in which the pitches of a portion of the electrode fingers arranged at the end of the IDT towards a 
neighboring IDT are less than those of the remaining electrode fingers in the IDT; and 
the distance (XI -X6) between the centers of at least one pair of adjacent electrode fingers is deviated from 

15 0.25 AA + 0.25 XB in which XA represents the wavelength detemiined by the pitch of one electrode finger and 

X.B represents the wavelength detemnined by the pitch of the other electrode finger. 

2. A longitudinally coupled resonator type surface acoustic wave filter according to claim 1 , wherein: 

20 XI2 represents the wavelength determined by the electrode finger pitch in the narrow pitch electrode finger 

portion (N1 -N4), and X\^ represents the pitch in the electrode finger portion provided in the IDT containing the 
narrow pitch electrode finger portion and being other than the nan-ow pitch electrode finger portion; and 
the distance (X5,X6) between the centers of adjacent electrode fingers of respective neighboring IDTs is 
deviated from 0.5 A.I2, when the narrow pitch electrode finger portions are provided at the adjacent ends of 

25 the neighboring IDT's. and set to be different from 0.25 X\1 + 0.25 AJ2, when the nan^ow pitch electrode finger 

portion is provided at only one of the adjacent ends of the neighbouring IDTs. 

3. A longitudinally coupled resonator type surface acoustic wave filter according to claim 1 or 2, wherein: 

30 X\2 represents the wavelength determined by the electrode finger pitch of the nan-ow pitch electrode finger 

portion (N1-N4), andXh represents the pitch of the electrode finger portion provided in the IDT containing the 
narrow pitch electrode finger portion and being other than the narrow pitch electrode finger portion; and 
the distance between the centers of adjacent electrode fingers provided respectively in the narrow pitch elec- 
trode finger portion and the electrode finger portion other than the narrow pitch electrode finger portion is 

35 deviated from 0.25 XI1 + 0.25 W2. 

4. A longitudinally coupled resonator type surface acoustic wave filter according to claim 1 , 2 or 3, wherein the de- 
viation amount of the distance (X1 -X6) between the centers of the adjacent electrode fingers is up to 0.25 XI1 . 

40 5. A longitudinally coupled resonator type surface acoustic wave filter according to any one of claims 1 to 4, wherein 
the electrode covering ratio of one electrode finger (6a) of a pair of adjacent electrode fingers provided in respective 
neighboring IDTs (5,6) is relatively high, whereby the gap between a pair of the adjacent electrode fingers is 
reduced. 

45 6. A longitudinally coupled resonator type surface acoustic wave filter according to any one of claims 1 to 4, wherein 
an area between a pair of adjacent electrode fingers provided In respective neighboring IDT's (5,6) is metallized. 

7. A longitudinally coupled resonator type surface acoustic wave filter (31 ) comprising: 

so a piezoelectric substrate; and 

first, second, and third IDTs (35-37) provided on the piezoelectric substrate so as to extend along the surface 
acoustic wave propagation direction and having plural electrode fingers, respectively; 
at least one of the first, second, and third IDTs (35-37) including at least one narrow pitch electrode finger 
portion (N1 -N4) in which the pitches of a portion of the electrode fingers arranged at the end of the IDT towards 

55 a neighboring IDT are shorter than those of the remaining electrode fingers, and an electrode finger portion 

adjacent to the narrow pitch electrode finger portion has a relatively wide electrode finger pitch; and 
electrode finger portions (N1 A,N1 B-N4A,N4B) having different electrode finger pitches being provided in the 
narrow pitch electrode finger portion. 
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8. A longitudinally coupled resonator type surface acoustic wave filter according to claim 7, wherein the distance 
(X1 -XI 0) between the centers of at least one pair of adjacent electrode fingers provided respectively in the narrow 
pitch electrode finger portions having different electrode finger pitchesis deviated from 0.25 XA + 0.25 >B. in which 
XA and AB represent the wavelengths detemnined by the respective electrode finger pitches of the adjacent elec- 

5 trode fingers. 

9. A longitudinally coupled resonator type surface acoustic wave filter according to any one of clainns 1 to 4, 7 or 8, 
wherein the narrow pitch electrode finger portion is a chirp type electrode finger portion (M1-M4). 

10 10. A longitudinally coupled resonator type surface acoustic wave filter according to clainn 9, wherein the chirp type 
electrode finger portion (M1 -M4) is configured so as to have electrode finger pitches arranged in linearly decreasing 
order from the center of the IDT toward the outside thereof in the surface acoustic wave propagation direction. 

11. A longitudinally coupled resonator type surface acoustic wave filter comprising plural longitudinally coupled reso- 
15 nator type surface acoustic wave filters according to any previous claim, said plural filters being plural-stage de- 
pendency connected. 

1 2. A communications device comprising longitudinally coupled resonator type surface acoustic wave filters according 
to any previous claim. 

20 
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FIG. 14 



10 



20 



-o 30 



g 50 

\^ 60 



70 



1 


1 1 1 










- 0. 5 




- 


- 1. 5 ! 

" ^ ^ \i\ 

Ml 




— 


- a 5 


1 1 


\\ 
\\ 
\ t 

\ * _ 
\ t 
1 « 

1* / 

\* / 


« 


1 

1 ] 
j 1 




1 


!| 1 ' 1 





840 



880 920 960 

FREQUENCY (MHz) 



1000 



1040 



FIG. 15 



5.0 



4.0 



CO 3.0 
> 

2.0 



1.0 



840 



1 1 


i \ \ 


1 










\ 
1 
1 

1 I 






1 1 
L 1 
1 1 











1 


\\ r\ aJ 
/ V i 


1 



880 920 960 

FREQUENCY (MHz) 



1000 



1040 



25 



BNSDOCID: <EP 1 18881 4A«.I_> 



EP 1 168 614 A2 
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FIG. 17A 
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